Buckling and postbuckling response of thin-walled composite plates investigated experimentally and determinated analytically and numerically is compared. Real dimension specimens of composite plates weakened by cut-out subjected to uniform compression in laboratory buckling tests have been modelled in the finite element method and examined analytically based on P-w 2 and P-w 
INTRODUCTION
Thin-walled structures made of composite materials are used in different branches of industry due to very good proper strength and stiffness indicators in relation to their own weight. Thanks to these features, they are widely used in the sports and automotive industries, aerospace engineering, and civil engineering, causing more and more designers to reach for lightweight materials in the design of building structures [24] . For example, in civil engineering, composite materials are used to reinforce concrete [23] , building construction, and even windows and doors. Another example of application are shovels in wind turbines [27] and various kinds of crane girders. One of the most important features of structures made of thin-walled composites is stability [15, 25] . This structure can lose of stability even under operational load [10, 26] , but when the buckling of a thin-walled element is local and elastic, the structure can be safely operated in the post-critical state [2, 11, 21, 26] . Therefore, to improve the carrying capacity of this type of construction, and even be encouraged to use of this type thin-walled structures as load-bearing elements or as elastic elements, it is proposed to improve their load capacity, by forced the work of construction according to a higher flexuraltorsional form of buckling. This can be done by making a notch in the centre of the plate and initiating the displacement in an opposite direction of the vertical stripes produced in the plate. Issues of stability, critical behavior, and limit load capacity of plates with holes are described, among others, in [8, 12, 17] .
Design of machines and devices sometimes requires the use of elements that will protect them from damage. Such elements should have low weight and specific operating characteristics. Apart from that, machine design often requires the use of elastic elements that need to be built in a rectangular space. In either cases, plates with cut-outs can be applied. 
SUBJECT AND SCOPE OF RESEARCH
A numerical analysis and experiment were performed on a thin-walled composite plate with a central rectangular cut-out under compression. The specimen had the following dimensions (width x height x thickness of the wall): 160 x 80 x 1.048 mm and a symmetrical cut-out in the middle measuring about: height a=100 mm and width b=30 mm. To reduce the effect of stress concentration, indentations were made on the loaded edges. The material from which plate was made, had an 8-layer CFRP laminate. The layers had the same thickness -0.131 mm -in a symmetric system of layers with respect to the median plane of the composite. The subjects of the research were made of M12/35%/UD134/AS7/300 Hexcel's "HexPly" unidirectional carbon-epoxy composite prepreg tape.
Its matrix was made of epoxy resin (mass density: 1.24 g/cm3; Tg: 128ºC; Rm: 64 MPa; Ȟ: 0.4; E:
5.1 GPa), whereas the reinforcement was AS7J12K carbon fibers (mass density: 2.5 g/cm3; Rm: 4830 MPa; Ȟ: 0.269; E: 241 GPa). The nominal volume fraction of reinforcing fibers in the composite was ca 60 %. The composites were produced through an autoclaving technique in the Department of Material Engineering at the Lublin University of Technology [3, 18] . The material properties of the chosen composite materials are as follows:
• Tensile moduli: E1 = 131.71 GPa, E2 = 6.36 GPa;
• Shear modulus: G12 = 4.18 GPa; 
NUMERICAL CALCULATIONS
The buckling and postbuckling behaviour was analysed using the finite element method (FEM) with commercial software ABAQUS The numerical model presented in Fig.2b was discretized using an eight-node, multi-layered shell element with six degrees of freedom at each node, with a reduced integration of S8R and using filtering of "parasitic forms". On the basis of earlier research [9] [10] [11] , it was decided to discretize the geometrical model in such a way as to obtain 4500 finite elements and 14012 nodes. 
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EXPERIMENT
All experimental tests were performed on a universal Zwick/Roell Z050 testing machine with specially designed grips ensuring articulate support. The experiments were performed at room temperature with a constant velocity of a cross-bar of the machine, equal to 2mm/min. The test stand for compression tests with mounted grips is presented in Fig.3 .
Fig. 3. Test stand used in experiment
In an experimental study of thin-walled structures, buckling is a very important detailed registration of the relevant test parameters. In order to adequately describe the critical and post-critical state of structures, it is necessary to register the load and displacement at selected points of the structure. In the context of the carried out of studies, the plate deflection used in the ARAMIS noncontact system was to measured, whose operating principle is based on stereographic transformations [13, 18] . During the measurements the duration of the measurement, the compression force of the sample, cross-bar displacement, and deflection of the sample were recorded. As a result we have obtained measurements on the basis of which plate characteristics for assessing "critical state" were determined. The experimental tests enabled us to determine post-critical equilibrium paths which were then used to determine an approximated value of the critical load using 2 independent approximation methods: the P-w 2 and P-w 3 methods. The determination of an approximate critical load is based on the diagram of the load in a function of the square difference in strains in case of the P-w 2 method, or in a function of cubic difference in strains in case of the P-w 3 method. Regarding the discussed methods, the post-critical equilibrium paths P-w 2 and P-w 3 are approximated by the linear function [17] . The critical load in both of methods is defined as the point of intersection between the determined approximation line and the vertical axis of the coordinate system of the diagram P=f 2(İ1-İ2) 2 and P=f 3(İ1-İ2) 3 . The results obtained by approximation via the above methods are not always unequivocal. The degree of linearity of the approximated curve strongly depends on the range of data used for determining critical loads. In addition to this, the results significantly depend on the number of points with specified coordinates subjected to approximation.
In this experiment, the correlation coefficient R 2 was the key factor describing the accuracy of approximation, whose value determined the level of convergence between the approximation function and the selected range of the approximated experimental curve. In the applied approximation processes for experimental post-critical equilibrium paths of the structure the minimum correlation coefficient was set R 2 0.95. We herein observe that the results obtained with the P-w 2 and P-w 3 methods show very high agreement with the experimental and FEM numerical results. The highest differences do not exceed 10%, which in the case of thin-walled structure stability analysis means that there is a high quantitative agreement between the applied research methods, and calculating the critical load of a real structure was correct.
RESULTS OF THE NUMERICAL CALCULATIONS AND EXPERIMENTAL
INVESTIGATIONS
In addition, we compared the post-critical equilibrium paths P-U3 determined in the weak postcritical range. The paths given in Fig. 6 show less stiffness than the results of the numerical calculations, however, the maximum differences do not exceed 27%. This fact results from the higher numerical model stiffness which preserves the ideal conditions of analysis, consistent with the results of similar studies published in existing literature [6, 7] . 
CONCLUSIONS
The main aim of the investigations presented in this paper is to validate the numerical model using the results obtained during the experimental tests.
The results of the research make it possible to formulate the following conclusions:
− The results show a high agreement between the critical load results obtained with the approximation method -the difference does not exceed 10%. 
